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(54) Sweeper with electromagnetic filter cleaning 

(57) A sweeping machine has a housing, wheels for 
moving the housing, a sweeping brush mounted on the 
housing, a hopper positioned adjacent the brush 1o re- 
ceive dust and debris therefrom, a dust collection cham- 
ber on the housing, and a vacuum fan mounted on the 
housing and creating an air flow path from the brush 
through the hopper and to the dust collection chamber. 
There is a filter element in the airflow path, with the filter 
element including a plurality of generally parallel pleats 
having folds extending in a direction transverse to the 
air flow path. There is a pleat moving element extending 
generally transverse to the pleats and engaged with the 



pleats. An electric actuator is mounted on top of the 
pleats and a bar is associated with the actuator and 
movable upon actuation thereof. There is a spring con- 
nected between the pleat moving element and the filter 
frame. The application o1 pulsed electric power to the 
actuator with the electromagnetic field caused thereby 
moving the pleat moving element and the pleats asso- 
ciated therewith in a first direction, with the spring mov- 
ing the pleat moving element and the pleats associated 
therewith in a second direction, with movement in said 
first and second directions imparting a shaking, cleaning 
movement to the pleats. 
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Description 

THE FIELD OF THE INVENTION 

The present invention relates to sweeping ma- 
chines of the type shown gonerally in U. S. Patent No 
4,787.923 owned by Tennant Company of Minneapolis, 
Minn , the assignee ot the present application. More par- 
ticularly, the present invention relates to an improvca fil- 
ter and the means for cleaning the filter. 

It is present practice in the sweeping machine art, 
as shown in the above-mentioned '923 patent, to place 
a filter in the atr flow path of the sweeping machine in 
such a position that dust is collected below the filter and 
clean air passes from the filter to the vacuum fan. Such 
filters are periodically cleaned., again as shown in the 
'923 patent, by shaker bars Shaker bars are not partic- 
ularly effective as a cleaning device and the filter panel 
is often cleaned inefficiently and inadequately. The 
present invention provides electromagnetic shaking of 
the filter medium by placement of a small solenoid on 
the top of the filter medium and then the use of a longi- 
tudinally extending bar to cause movement of the filter 
medium. When power is applied to the solenoid, the bar 
will move in one direction with a spring returning the bar 
in the opposite direction. The solenoid is pulsed so that 
the vibration imparted to the bar, and thus to the filter 
pleats, very effectively cleans the filter through shaking, 
causing the dust to fall down into the dust collection 
chamber. The electromagnetic filter cleaning of the 
present invention is essentially noiseless, simple in con- 
struction, and uses relatively low vibration ol the filter 
medium. The entire filter panel may be cleaned, or the 
panel may be cleaned in segments. 

In the disclosed embodiment, a longitudinally ex- 
tending pleat moving element in the form of a comb is 
positioned above the uppermost folds of the parallel 
pleats The comb has a projection which extends 
through the top of the filter frame and is connected to 
the movable plunger of a solenoid. There is a spring re- 
turn for the pleat moving element. When the solenoid is 
pulsed, the pleat moving element or bar will move in one 
direction, and when the electric power is removed, the 
spring will return the bar in the opposite direction The 
resultant reciprocal movement of the pleats will result in 
a substantial shaking or vibration of the pleats which will 
remove the dust which is caked and embedded therein 

The time duration of the application of pulsed power 
can be controlled, as can the frequency of pulsed power, 
as well as the intervals between the application of 
pulsed power. 

The invention wiii be described using a solenoid as 
the actuator for moving the pleats It is also possible to 
use an air actuator, a hydraulic actuator or other form of 
electric actuator such as a motor driven screw. 



SUMMARY OF THE INVENTION 

This is a continuation-in-part of co pending applica- 
tion Serial No. 06/623.696 filed April 1 5, 1 996. 
s The present invention relates to sweeping ma- 
chines and in particular to an electromagnetic filter 
cleaning device for sweeping machines. 

A primary purpose of the invention is a filter cleaning 
device for Ihe use described which utilizes a pulsed so 
io lenoid positioned above a pleated filter, with the filter 
pleats being associated with a longitudinally extending 
bar, with the bar being moved by the application of 
pulsed power to the solenoid. 

Another purpose is a filter cleaning system as de- 
15 scribed in which the time duration and frequency of so- 
lenoid operation is controlled to maximize filter cleaning 
Another purpose is a simply constructed, reliable 
electromagnetic cleaning system in which a single ac- 
tuator, through the medium of a longitudinally extending 
20 comb associated with the pleats is capable of imparting 
a shaking movement to the pleats. 

Other purposes will appear in the ensuing specifi- 
cation, drawings and claims. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated diagrammatically in the 
following drawings wherein: 

30 Fig. 1 is a diagrammatic illustration of a sweeper of 
the type using the cleaning system disclosed here- 
in; 

Fig 2 is a top plan view, with portions broken away, 
of the filter element illustrating the electromagnetic 

35 shaker device applied thereto; 

Fig 3 is a side view, in part section, illustrating the 
filter and the solenoid attached thereto; 
Fig 4 is a section along plane 4-4 of Fig. 2; 
Fig. 5 is a top view of a portion of the pleat moving 

40 element; 

Fig 6 is a side view of the post connecting the trans- 
former and the pleat moving element; 
Fig. 7 is a Iront view of the post of Fig. 6; 
Fig. 8 is a top view of the post of Figs. 6 and 7: and 

45 Fig. 9 is an electrical schematic of the control sys- 
tem for the shaker device illustrated herein. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

so in Fig 1, a typical street sweeper of the type illus- 
trated in U. S. Patent 4787 ; 923, owned by Tennant 
Company of Minneapolis. Minn., the assignee of the 
present application, is indicated at 10. The sweeper 10 
has a brush 1 2 which directs dust and debris into a hop- 

$5 per 14. Wheels 16 support the sweeper 10. There is a 
vacuum fan 18 which creates an air flow path in the di- 
rection of arrows 20. Positioned within the air flow path 
is a filter 22 which is illustrated in detail in drawing Figs 



2 



3 



EP 0 860 554 A2 



4 



2-e. 

The filter 22 includes a peripheral frame 24 having 
an inwardly extending shoulder 26, shown in Fig 3, 
which shoulder has an upwardly-extending peripheral 
rib 26. A peripheral foam seal 30 seats on top of the 
shoulder 26. 

Positioned within the confines of the frame 22 is a 
pleated filter 32 having a plurality of adjacent upper folds 
34 and a plurality of lower folds, which arc not illustrated 
herein, but will be obvious from the disclosure of Fig. 3. 
The filter pleats 32 extend in a direction transverse to 
the path of air flow through the filter and may be con- 
ventional and formed of paper, synthetic materials or 
otherwise as the particular use dictates. On top of the 
filter pleats 32 is a mesh cover 36 which is formed of an 
expanded material, as particularly shown in Fig. 2, and 
may. for example, be constructed of aluminum, plastic 
or other suitable materials. 

As shown in Figs. 2 and 3, mounted on top of the 
mesh cover 36 is a plate 33 which on three sides has a 
downwardly extending flange 40 extending over the up- 
wardly-extending rib 23 of the peripheral frame. Thus, 
the plate 38 is supported by the frame on three sides. 
The plate 38 preferably is located adjacent one end of 
the filter frame, although it could be otherwise. 

Mounted on top of the plate 38 is solenoid 42, with 
the solenoid being attached to the top of the plate 38 by 
means of fasteners 44 and spacers 46. Mounting straps 
48 are located between the fasteners 44 and the spac- 
ers, with the fasteners being threaded into further spac- 
ers 50 positioned between the lower surface of plate 38 
and the upper surlace of cover 36. 

The solenoid 42 has an outwardly-extending plung- 
er 52 which is movable when the solenoid is activated 
by electric power and mounts a post 54 at its outward 
end. The post 54 mounts one end of a coil spring 56, 
with the other end of the spring 56 being mounted to an 
upturned flange 58 of the plate 38. Thus, the spring 56 
will move the plunger 52 to the right, as pictured in Fig. 
2, and the application of pulsed power will move the 
plunger 52 to the left, as shown in Fig. 3. 

The post 54 has a downwardly- extending rod 60, 
which extends into a bore 62 of an upwardly-extending 
projection 64 formed as a part of a plate moving member 
or comb 66 The comb 66 extends longitudinally directly 
beneath the cover 36 ano has a plurality of uniformly 
aligned, downwardly-extending teeth 68 which extend 
between adjacent upper folds 34 of the pleated filter el- 
ement 32. In the preferred form the comb may be at- 
tached to the fi Iter element by a suitable adhesive. Thus, 
movement of the comb 66 will move the pleats. The pro- 
jection 64 extends upwardly through aligned gaps 70 
and 72 in the plate 36 and cover 36, respectively. The 
edge 74 of plate 33 forms a right-hand stop for move- 
ment of the comb 66, permitting approximately 1/2" of 
movement in that direction A pair of stops 76 are part 
of the plunger 52 and limit left direction movement of the 
post and plunger. The extreme of left direction move- 



ment, caused by actuation of the solenoid 42 is shown 
in Fig 3 and the extreme of nghtward movement or 
spring movement of the comb 66 is shown in Fig. 2 
In normal operation, activation of the plunger, as de- 

5 scribed hereinafter will move the plunger 52, the post 
54 and the comb 66 to the loft. Stop 76 will limit this 
movement to approximately 1/2". Upon removal of the 
electric power from the solenoid 42 ; the spring 56 will 
draw the post back, with attendant movement of the 

10 comb 66 to the right to the point where the projection 64 
contacts the edge 74 of plate 33, providing a stop for 
right direction movement of the filter shaking comb. 

The circuit controlling the application of power to the 
solenoid 42 is illustrated in Fig 9. An amplifier 80 is con- 

15 nected to the coil of solenoid 42, with the amplifier being 
connected to an intensity generator 32, which in turn is 
connected to a time duration clock 84. A remote filter 
shake button 86 initiates operation and causes the clock 
34 to send a series of signals to the intensity generator 

20 82 The remote intensity control 88 for the intensity gen- 
erator determines the amplitude or voltage level of puls- 
es applied from generator 82 to the amplifier which in 
turn determines the level of power to the solenoid. Clock 
84, as indicated, provides an output which is a series of 

25 pulses, with the clock controlling the period of the pulse 
and the time between successive pulses. The output 
from the intensity generator is a series of pulses, at a 
frequency and intensity determined by the operator by 
the remote intensity control 68. The intensity or the am- 

30 plitude of the pulses will control the electromagnetic field 
created by the solenoid. The result of the circuit shown 
is to provide pulses at a desired frequency and a desired 
amplitude and with a predetermined duration between 
pulses to the amplifier, which will be activated as de- 

35 scribed. 

For a typical sweeper mechanical shaker, the so- 
called shake-back time or the time that the filter is vi- 
brated to move dust, is from 30 to 45 seconds With the 
electromagnetic shaker disclosed herein, complete 

40 cleaning of the filter can take place in as little as six sec- 
onds. The frequency of power application to the sole- 
noid may be 30 hz and the cleaning cycle for an efficient 
mode of operation is to have the solenoid on for 30 per- 
cent of the time and off for 70 percent of the time. The 

45 invention should not be limited to these specific param- 
eters, although such have proven to be highly effective 
in use 

Whereas the preferred form of the invention has 
been shown and described herein, it should be realized 
50 that there may be many modifications, substitutions and 
alterations thereto. 

Claims 

55 

1. A sweeping machine including a housing, wheels 
for moving the housing, a sweeping brush mounted 
on the housing, a hopper positioned adjacent the 
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brush to receive dust and debris therefrom, a dust 
collection chamber on the housing, a vacuum fan 
mounted on the housing and creating an air flow 
path from the brush through the hopper and to the 
dust collection chamber a filler element in said air 
flow path, said filter element including a plurality of 
generally parallel pleats having folds extending in a 
direction transverse to the airflow path, a pleat mov- 
ing dement extending generally transverse to said 
pleats and having means thereon for engaging said 
pleats, an actuator a mounting element for said ac- 
tuator positioned adjacent said pleats, a bar asso- 
ciated with said actuator and movable upon actua- 
tion thereof, said bar being connected to said pleat 
moving element, yielding means connected be- 
tween said bar and said mounting element, and 
means for applying pulsed power to said actuator 
thereby moving said bar and said pleat moving el- 
ement and the pleats associated therewith in a first 
direction, with said yielding means moving said bar 
and said pleat moving element and the pleats as- 
sociated therewith in a second direction upon ter- 
mination of the pulsed power to said actuator 
whereby said pleat moving element imparts a shak- 
ing, cleaning movement to said pleats. 

2. The sweeping machine of claim 1 wherein said 
pleat moving element is in the form of a comb ; with 
an upper longitudinally extending member and a 
plurality of downwardly extending teeth. 

3. The sweeping machine of claim 2 wherein there is 
a downwardly extending tooth positioned between 
pairs of adjacent pleats. 

4. The sweeping machine of claim 1 wherein said 
yielding means includes a spring attached at one 
end to said mounting element and at the other end 
to said bar. 

5. The sweeping machine of claim 4 wherein said 
spring is a coil spring. 

6. The sweeping machine of claim 1 wherein said 
mounting element includes a gap, a portion of said 
pleat moving element extending upwardly through 
said gap, and a post connected between said plate 
moving element portion and said bar 

7. The sweeping machine of claim 6 wherein said 
yielding means includes a spring connected be- 
tween said post and said mounting element. 

8. The sweeping machine of claim t including stops 
limiting movement of said bar in said first and said 
second directions. 



9. The sweeping machine of claim & wherein one of 



said stops is formed on said mounting element, with 
the other stop including said actuator 

10. The sweeping machine of claim 1 including a cover 
5 overlying said pleats and positioned in part between 

said pleats and said mounting element said pleat 
moving element being positioned on the opposite 
side of said cover from said actuator. 

10 11. The sweeping machine of claim 10 wherein said 
cover is formed of an expanded material having a 
plurality of adjacent openings. 

12. The sweeping machine of claim 1 wherein said ac- 
75 tuator is a solenoid. 

13. The sweeping machine of claim 12 wherein the 
means for applying pulsed power include electric 
circuit means limiting the application of pulsed elec- 
ts trie power to said solenoid for a predetermined pe- 
riod of time. 

14 The sweeping machine of claim 13 wherein said 
means for applying pulsed electric power include 

25 means for varying the intensity of the applied power. 

15 The sweeping machine of claim 14 wherein the 
means for applying pulsed electric power include 
means for varying the frequency of the applied pow- 

30 er. 

16. A pleated air filter and means for cleaning it, said 
" filter including a frame, a plurality of generally par- 
allel pleats mounted in said frame, said pleats each 
35 having spaced parallel upper and lower folds, an 
elongated pleat moving element associated with 
said pleat upper folds, an electric coil mounted on 
said frame above the pleat upper folds, means for 
applying pulsed electric power to said coil to create 
40 an electromagnetic field thereby, which pulsed elec- 
tromagnetic field causes reciprocal movement of 
said pleat moving element in a first direction trans- 
verse to said generally parallel pleats, a spring con- 
nected to said pleat moving element and said frame 
45 for moving said pleat moving element in a second 
direction transverse to said generally parallel 
pleats, whereby movement in said first and second 
directions imparts a shaking, cleaning movement to 
said pleats 

17. The filter of claim 16 wherein said pleat moving el- 
' ement is in the form of a comb with an upper lon- 
gitudinally extending member and a plurality of 
downwardly extending teeth. 

55 

1 8. The filter of claim 1 7 wherein there is a downwardly 
' extending tooth positioned between pairs of adja- 
cent pleats. 



4 



EP 0 860 554 A2 



19. The filter cf claim 16 wherein said spring is a coil 
spring 

20. The filter of claim 16 including a mounting element 
for said coil . said mounting element including a gap, 
a portion of said pleat moving element extending 
upwardly through said gap, a bar movable by said 
coil, and a post connected between said plate mov- 
ing element portion and said bar. 

21 . The filter of claim 20 wherein said spring is connect- 
ed between said post and said mounting element. 



22. 



The filter of claim 16 including stops limiting move- 
ment of said bar in said first and said second direc- 



10 



15 



tions. 



23. The filter of claim 22 wherein one of said stops is 
formed on said mounting element, with the other 
stop including said electric coil 

24. The filter of claim 1 5 including a cover overlying said 
pleats and positioned in part between said pleats 
and said mounting element, said pleat moving ele- 
ment being positioned on the opposite side of said 
cover from said electric coil. 



25. 



26. 
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The filter of claim 24 wherein said cover is formed 
of an expanded material having a plurality of adja- 
cent openings. 

The filter of claim 1 6 wherein the means for applying 
pulsed electric power include circuit means limiting 
the application of pulsed electric power to said coil 
for a predetermined period of time 

27. The filter of claim 26 wherein said means for apply- 
ing pulsed electric power include means for varying 
the intensity of the applied power. 

28. The filter of claim 27 wherein the means for applying 
pulsed electric power include means for varying the 
frequency of the applied power. 
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